Background: Since the isolation of HHV-6 in 1986, extensive investigation has revealed it to be ubiquitous and responsible for the majority of cases of a common febrile rash illness of infants known as roseola. Other clinical associations including seizure disorders, encephalitis and meningitis have also been stated in various publications. Objective: The aim of the study is to find out if there is any association between HHV-6 infection and the convulsions prevailing at the Child Health Department of the Korle-Bu Teaching Hospital, Accra-Ghana. Methods and Results: Children admitted into the Department of Child Health with episode of convulsions were recruited after informed consent had been sought from subjects. Cerebrospinal fluid (CSF) and Plasma were obtained from patients. PCR directed at the detection of the large tegument protein (LTP) gene in the SIE strain of the HHV-6 in Plasma and CSF from patients was done. The mean age of study subjects was 37.44 months with 53 (64.6%) being males. There was a significant relationship between the convulsions and fever (P < 0.05). Based on CSF characteristics gathered, viral infections may be the probable cause of the observed convulsions but not malaria or bacterial infections. None of the samples from the patients had evidence of HHV-6. Conclusion: The study was unable to establish HHV-6 infection in the CSF and Plasma of patients. What role if any HHV-6 has in convulsions seen in children or neurological diseases at large merits further studies. Other neurotropic viruses need to be investigated as possible causes for the convulsions.
were retrieved from their folders to aid in analysis of data retrieved from study subjects.
The proposal was submitted to the Ethical Committee of the College of Health Sciences, and Research Committee of the University of Ghana Medical School (UGMS) for approval. Informed consent was sought from subjects before the commencement of the study. Data collected from the study was handled anonymously and confidentially. Samples had only the identification numbers of the subjects to ensure anonymity.
Sample Collection
About 1 ml -2 ml of CSF, whole blood or both were collected and transported on ice to the Virology Unit of the Microbiology Department at the KBTH. Plasma was obtained from whole blood samples after which the CSF and plasma samples were stored at −20˚C until analyzed.
DNA Extractions

DNA Extraction from CSF
DNA extraction from CSF was done using the High Pure viral nucleic acid kit from Roche Diagnostics according to the manufacturer's instructions. To a sterile microcentrifuge tube containing 200 µl CSF sample, 200 µl binding buffer supplemented with poly A and 50 µl proteinase K was added. Mixing was done immediately and the mixture incubated at 72˚C for 10 minutes. After incubation, 100 µl binding buffer was added. The lysate was then pipetted into the upper reservoir of a combined High pure filter and collection tube. Centrifugation was done for 1 minute at 8000 × g and the flow through together with the collection tube discarded. 500 µl inhibitor removal buffer was added, centrifugation done at 8000 × g for 1 minute and flow through together with the collection tube discarded. The inhibitor removal buffer helps to get rid of PCR contaminants. This was followed by two washing steps with 450 µl wash buffer accompanied by centrifugation at 8000 × g for 1 minute to aid wash bound nucleic acids, purifications from proteins and other impurities. After the final washing step, the collection tube and flow through was discarded and further centrifugation was done at maximum speed (13,000 × g) for 10 seconds. Purified nucleic acids were recovered using 50 µl elution buffer and stored at −20˚C.
DNA Extraction from Plasma
DNA was extracted from plasma samples using PureLink TM viral RNA/DNA kit from Invitrogen according to manufacturer's instructions. To a sterile microcentrifuge tube containing 25 µl Proteinase K, 200 µl cell free sample was added. This was followed by the addition of 200 µl lysis buffer containing carrier RNA and vortexing for 15 seconds, then incubation at 56˚C for 15 minutes. 250 µl of 96% -100% ethanol was added and vortexed for 15 seconds. The lysate was then added to the viral spin column in a collection tube. Centrifugation was then done at 6800 × g for 1 minute. The flow through and collection tube was then discarded. Two washing steps were then done using 500 µl wash buffer with ethanol accompanied by centrifugation at 6800 × g for 1 minute. The spin column was then centrifuged at maximum speed for 1 minute to remove any residual wash buffer. The purified nucleic acid was then eluted in 10 -50 µl sterile RNase free water and stored at −20˚C until used for the desired downstream application.
HHV6 PCR
The PCR reaction was directed at the detection of the large tegument protein (LTP) gene in the SIE strain of the HHV-6 [13] . PCR Primers used are as follows; SIE-1 5'GATCCGACGCCTACAAACAC3' SIE-2 5'TACCGCATCCTTGACATATTAC3' This set of primers detects both HHV-6 variants A and B [13] . DNA was amplified in a total volume of 100 µl of a reaction mixture including 25 mM MgCl 2 (Roche), 10× PCR buffer (Roche), glycerol, 10 mM dNTPs (Applied Biosystems)), 5U Taq polymerase (Invitrogen), 83 pmol primers (Applied Biosystems) and extracted DNA (template).
Ninety microlitres of master mix was aliquoted into 0.2 ml sterile PCR tubes and 10 µl of template added to each tube. Sterile PCR water was used as negative control and HHV-6 control DNA from Advanced Biotechnologies Inc. (USA) was used as positive control. The sample was amplified through 40 cycles in a DNA thermal cycler (MJ Research mini cycler) with a 5 min hot start at 95˚C, followed by 30 sec denaturation step at 94˚C, 30 sec annealing step at 55˚C, 1 min elongation step at 72˚C and a final extension at 72˚C for 10 min. Ten microlitres of extracted DNA was used as template.
The amplified products were electrophoresed (80 V for 1 hour) by agarose gel (2%w/v) stained in 0.5 µg/ml ethidium bromide with a 1 kb DNA marker. The fractionated bands were visualized under UV light. The expected size for a positive amplification product is 249 bp.
Statistical Analysis
Data was entered using Microsoft Excel 2007 and analyzed using Graph Pad Prism. Analysis of clinical data was done using descriptive statistics for frequency distribution and Chi-Square test was used where appropriate. Statistically significant difference was reported for a two-tailed p-value lower than 0.05.
Quality Control
Determination of Extraction Kits Efficiency
To ascertain the efficiency of the extraction kits used, Human Parvovirus B19 positive plasma sample (WHO Standard positive control) was extracted using both Pure Link TM viral RNA/DNA and High Pure viral nucleic acid kits from Roche and Invitrogen respectively. At least one B19 positive plasma sample was added to every batch of extraction done and extracted alongside the samples. The HPV B19 DNA extracted was then taken through Semi-nested PCR using the appropriate primers under optimized conditions. The amplicons were then electrophoresed and products viewed under the UV transilluminator. The primers used for the semi-nested PCR are as follows as stated elsewhere [14] .
First round amplification
The semi-nPCR for B19 HPV targets the C-terminal part of the VP1u region with an expected product size of 358 bp [14] .
DNA was amplified in a total volume of 25 µl of a reaction including 10× PCR buffer with Mg
2+
, 10mM dNTP, 5U/µl Taq polymerase, 10 µM primers and extracted DNA (template). The samples were amplified through 35 cycles in a thermal cycler (MJ Research mini cycler) with a 5 min hot start at 95˚C, followed by 30 sec denaturation step at 95˚C, 40 sec annealing step at 57˚C, 50 sec elongation step at 72˚C and a final extension at 72˚C for 7 min. Five microlitres of extracted DNA was used in the first round amplification and 2.5 µl of the first round product was used in the second round amplification.
Optimization of HHV-6 PCR
HHV-6 DNA positive control obtained from Advanced Biotechnologies Inc. in the USA was used to optimize and estimate the sensitivity of the PCR. The controls (1 -2 × 10 4 copies/µL) were used as templates and run alongside the samples. They were included in every batch of samples run and the amplicons electrophoresed and visualized under UV transilluminator.
All control extractions done were B19 positive for both Pure Link TM viral RNA/DNA and High Pure viral nucleic acid extraction kits as seen in Figure 1 . This confirms that both extraction kits are very efficient and that every batch of DNA extraction done was successful.
The HHV 6 control DNA used in the HHV-6 PCR also gave the required band size of positive amplification for every batch of samples run as seen in Figure 2 .This connotes that the HHV-6 PCR system was fully optimized and that the primers were specific.
Results
The result in Table 1 shows that a total of 82 children were recruited for the study. In all, 107 samples were collected; 41 plasma samples and 66 CSF samples. Twenty-five of the CSF and plasma samples were from same patients (paired samples).
Majority of children were males 53 (64.6%) whiles 29 (35.4%) were females. Thirty (36.59%) of the children belong to the 0 -12 months age group and 62 (75.6%) of all subjects were 60 months (5 years) and below as shown in Figure 3 . From the result in Table 2 , it can be seen that the minimum age and maximum age of subjects was 0.5 months (2 weeks) and 120 months respectively. Among the patients recruited for the study, 62 (75.6%) had fever whiles 20 (24.4%) had no fever. The maximum and minimum body temperatures of patients were 40.0˚C and 36.4˚C respectively with a mean of 38.05˚C as shown in Table 2 .
Of the 82 patients studied; 46 (56.1%) presented with febrile convulsion and convulsion without any known cause, 26 (31.7%) presented with convulsion with meningitis and 10 (12.2%) presented with convulsion with gastroenteritis. All the presumptive diagnosis fall under "convulsion of unknown cause" since the actual cause of the meningitis and gastroenteritis accompanying the convulsions is unknown. Data on clinical and medical history such as blood transfusion, sickle cell disease status, diabetes mellitus, asthma and family history of convulsion displayed in Table 3 shows that a family history of convulsion in first degree relatives was observed in 4/47 (8.5%) of the study population whiles 43/47 (91.5%) did not have any family history of convulsion. Family history of other clinical conditions of subjects are also displayed in the same table. Fifty-five (67.1%) of the subjects do not breast feed whiles 27 (32.9%) feed on breast milk. Ten (12.3%) of the patients had CNS disorder.
Of the 82 patients studied, information on nature of convulsion was available for 47 patients. Nine (19.1%) suffered recurrence of convulsion at different times whiles 38 (80.9%) had no recurrence of the condition. Fortyone (87.2%) presented with simple convulsion (1 -15minutes) and 6 (12.77%) presented with complex convulsion (15minutes).
The result in Table 4 shows the CSF characteristics of study subjects. The CSF characteristics of exactly half of the total number of patients were available for analysis. The characteristics considered include; appearance of CSF, level of protein and glucose in CSF, white blood cell and red blood cell counts. Majority of the patients 29 (70.7%) had their CSF appearance to be clear and colourless whiles 8 (19.5%) and 4 (9.8%) were hazy and Figure 2 indicates that the study was unable to establish HHV-6 infection in subjects with all showing negative results for the viral DNA. HHV-6 DNA was absent in all the CSF and Plasma samples.
Discussion
Several researchers have tried to investigate a number of epidemiological and demographic factors which could be associated with convulsions and varying reports have arisen from these investigations [15] - [20] .
In the current study, statistically, there was no significant difference (P = 0.2114) between cases and controls regarding gender. This finding correlates with study conducted by Mahyar et al., [19] where 53 (66%) and 27 (34%) were males and females respectively. Even though several studies support the finding of male dominance in convulsion [17] [20]- [23] , their respective proportions of males may seem lower than that observed in the current study. In the current study, male gender was not found to be a risk factor for convulsion in children. Contrasting results have been reported elsewhere where male gender was found to be a risk factor [15] .
Various researches point to the fact that age is a risk factor for convulsion [21] [24]. In the current study, peak incidence of convulsion was found in the age group 0 -12 months. Farwell et al., [24] had majority of their cases between 12 and 23 months of age. A recent study also showed a peak incidence between the ages of 13 and 24 months of age [21] . The general trend seen in both studies and the present study is that convulsion commonly occurs in children with peak incidence at age 0 -24 months. This may probably be due to the fact that the developing brain has a lower seizure threshold to the destabilizing effects of temperature elevation.
In the present study, it was observed that 62 (75.60%) of the patients with convulsion had fever whiles 24 (30%) of the controls had fever. This finding was statistically significant (P < 0.05). Sixty (73.17%) of the cases had their fever level (body temperature) ≥38˚C whereas 13 (16.25%) of the controls had their fever level ≥38˚C. This finding is in accordance with a study carried out by Ling [18] who studied 379 patients with convulsion and found out that 257 (68.17%) had their fever level ≥38˚C. The slight difference observed may be probably due to the relatively large sample size used in the study as compared to the present study. Despite this finding, it seems unlikely that fever as a single factor can induce convulsions since children with diseases causing high fever such as bronchopneumonia and pyelitis rarely suffer from convulsions [25] [30] . In the current study, 6 (12.77%) of the subjects presented with complex convulsion which is almost in the same range as Kwong et al., [30] and Chung et al., [29] . Kong and Ko et al., [31] and Chan [32] had a relatively higher proportion (23% and 23.3% respectively) of their study subjects showing complex convulsions. The present study however correlates perfectly with a study carried out by Tosun et al., [33] where of the 259 children with convulsion, 33 (12.7%) were diagnosed with complex convulsion. Studies of this nature that require contribution of caregivers of study subjects are affected by the inability of some caregivers to give exact duration of convulsion when it first occurred. This brings about slight inaccuracies and probably the reason for the differences observed in the present study and other studies.
Chung et al., and Chan reported recurrence of convulsion in 18% and 22% of patients studied respectively [29] [32] . The current study where 9 (19.15%) of study subjects showed recurrence of convulsion fall in the same range as these two studies. Bener et al., [15] , in their study however recorded a higher proportion 24 (34.3%) of study subjects with recurrent convulsion.
In the current study, children with recurrent convulsion were found to have lower body temperature than those with first attack. This is in agreement with a Nigerian study which also found that at each recurrent seizure, children had low rectal temperatures [34] .
Convulsions tend to occur in families, although the exact mode of inheritance is unknown Children who have convulsion tend to have a history of convulsion in close relatives [35] . In the present study, a family history of convulsion in the first degree relatives was observed in 4 (8.51%) of study subjects. This is lower than what was observed by many studies which reported family history of convulsion in 17% -21% of convulsion subjects [29] [31] [32] [36] . The difference may be due to the fact that these studies concentrated exclusively on febrile convulsions whiles the present study was on convulsions in general. It has long been recognized that there is a significant genetic component for susceptibility to febrile convulsion. An autosomal dominant febrile convulsion gene locus has been reported on chromosome 19p [37] . Another reason for the observed variations may be due to the inability of some caregivers to give accurate responses to questions concerning medical history of subjects.
There was no statistically significant difference between cases and controls regarding blood transfusion history (P = 0.3011), sickle cell disease status (P = 0.7138), asthma (P = 0.3011), diabetes mellitus history (P = 0.4877) and feeding (P = 0.2735). This connotes that there is no significant relationship between these variables and the convulsion seen in children under the current study. These variables were also not found to be risk factors for convulsion.
Lumber puncture is commonly performed in patients who have had an acute seizure to evaluate for evidence of CNS infection as an underlying cause [38] - [40] . Interpretation of CSF finding in the context of this study is complicated by the possibility that convulsions in themselves may alter CSF making it difficult to determine whether the abnormality is due to seizures or an underlying infection [41] . Seizures have been reported to induce postictal pleocytosis, neutrophilia and increased CSF protein [41] - [43] . The present study also revealed that 12 (29.26%) of subjects had increased CSF protein level whiles none had low CSF protein. This confirms that convulsions are linked in some way to increased CSF protein as stated in literature. CSF analysis in convulsion patients have shown increased concentration of glucose [44] . The current study had none of its subject with low CSF glucose whiles 6 (14.63%) had increased CSF glucose level. Hyperglycemia is regarded as consequences of convulsion induced release of both cortisol and adrenalin. Rapid release of cortisol and adrenaline as a stress reaction induces elevated glucose concentration in blood and CSF [45] . Much weight cannot be put on the glucose level finding in the current study since blood glucose level in patients during disease onset was not noted. CSF glucose is normally approximately 2/3 of the fasting plasma glucose. A blood sample for glucose must ideally be taken at the same time as the lumber puncture for CSF-serum ratio to be computed for proper analysis of CSF glucose level to be done. Viral infections such as HHV6 which is the focus of this study has been shown to be characterized by clear and colourless CSF, raised or high end of normal CSF protein level, normally within normal range glucose level and absence of organisms in CSF gram stain. Viruses unlike bacteria grow in living cells and do not need macromolecules like protein and glucose to grow. For this reason in a typical viral infection, protein level and glucose level are normal or slightly increased. Majority of the study subjects showed these parameters which probably indicate that the convulsion may likely be due to a viral infection but not malaria or bacterial infection.
The study recorded an increase in WBC's of four patients. The number of WBC's in CSF is very low, usually necessitating a manual WBC count. An increase in WBC count may occur in many conditions including infection, allergy and leukemia. Differential WBC count is therefore needed to help distinguish these causes. For example, viral infections are usually characterized by an increase in lymphocytes. Data on WBC differential count was not available on the study subjects, limiting the interpretation of WBC count.
In the current study, none of the patients tested had HHV6 DNA in the CSF or Plasma. HHV-6 is very cell associated [46] , which means there is very little free virus spilled in the serum, plasma and CSF in an active infection. This is because the virus is spread from cell to cell through the cell walls. This is in contrast to other infections where free virus leave the cell, enters the plasma and then infects another cell. The absence of HHV6 DNA in the plasma of patients studied probably reveal the absence of active infection. This does not however rule out the presence of the virus in them. Nearly 100% of individuals have been infected with HHV-6 by early childhood and have antibodies against it [47] . At least 30% of individuals have small but detectable levels of latent virus in their blood. The relevant question when it comes to whole blood is not whether you have the virus but rather how much of the virus you have and whether it is active or latent? Since so many healthy individuals have detectable levels of latent virus in their white blood cells, PCR DNA tests of whole blood are not useful unless the test is quantitative and the absolute level of the virus can be compared to a healthy population. In Plasma and serum however the mere presence of the DNA of the virus denotes active infection.
A high proportion of children with past HHV-6 infection retain the viral DNA in their CSF suggesting that the CNS may be a reservoir for persistent infection. Studies pointing to this fact suggest persistent infection of the CNS by HHV-6 of many persons long after primary infection. The current study had none of its subjects with HHV-6 DNA in CSF.
The absence of the HHV-6 DNA in the CSF and/or plasma of study subjects may be attributed to the fact that the age distribution of the present study might have resulted in a selection bias against HHV-6 detection. The median age of primary HHV-6 infection is 8 -9 months [48] . In the current study only ≤30 (approximately 36.59%) of the patients were younger than 12 months old. Secondly the PCR procedure may not have been sufficiently sensitive to detection of low levels of viral genome since HHV-6 is very cell associated and so very minute level of the virus is found in cell free samples. Thirdly, the convulsions may have occurred independently of HHV-6 infection. In other words, the seizures were induced by fever caused by the infections and not by some specific neurotropic property unique to the viruses. Lastly, the convulsion might have occurred without direct invasion of the central nervous system or the CSF but instead because of a viral induced vasculities as part of the viral infection [49] . It may also be that the viral genome might have passed through the CSF either before or after the seizure occurs.
Some researchers have reported successful detection of HHV-6 from CSF of a small number of patients with febrile seizures using the PCR. Caserta et al., [6] for example, detected HHV-6 DNA from the CSF of two of such patients younger than 3 years of age with primary HHV-6 infection and 11 of such patients with evidence of previous HHV-6 infection. Hall et al., [48] reported detection of HHV-6 DNA in two of seven patients with febrile seizures (primary or recurrent not specified). Chua et al., [16] also reported HHV-6 detection in 16.1% (5/31) of children with febrile convulsions studied at the University Hospital, Kuala Lumpur. Malaysia.
Other research groups have reported results of HHV-6 detection similar to the current study's findings. Hukin et al., [50] for example, were unable to detect HHV-6 in the CSF of 15 patients with febrile seizures either by PCR or culture. Teach et al., [49] were also unable to detect HHV-6 DNA in the CSF of patients with febrile convulsion studied. Barone et al., [10] also reported similar findings. Why some groups have successfully detected HHV-6 and others have not is unclear. Possible explanations for this include the sensitivity and specificity of the particular assays, the number of primary versus recurrent seizures studied, the ages of the patients studied or the effects of random sampling [49] .
Studies of this nature where no positive results come out may raise some few questions regarding quality control systems put in place to ensure that the viral DNA is detected if indeed it was present. These questions have been fully answered in this study relating to storage of samples and extracted DNA at appropriate temperatures to prevent degradation, controlling of extraction procedure and finally optimization of the PCR system before samples were run.
The intended study design for sample collection was to obtain both Plasma and CSF from every patient recruited for the study. However that proved to be very difficult since many of the caregivers refused the participation of their wards. Most of them were so worried about the state of their wards since convulsion is a frighttening experience. Parents had little or no option when it comes to the CSF sample because CSF cannot be requested by a researcher purposely for research since the procedure is invasive. CSF samples were requested for by senior doctors and as a result a small portion is normally given out for the research. For the whole blood sample several tests are done and so little or none is normally left. This situation posed a lot of problems during the sample collection since many of the caregivers do not understand the importance of research and this resulted in an unequal number of CSF and plasma samples.
Conclusions
The study was unable to confirm the presence HHV-6 in the CSF and plasma of children with convulsions in Ghana. The role of HHV-6 in the pathogenesis of convulsions merits further studies.
It is recommended that the prevalence of HHV-6 be investigated in children (0 to 10 years) since the prevalence in the country is unknown and due to the epileptic potential of the virus.
The herpesvirus group (HSV-1, HSV-2, VZV, CMV and HHV-7) and other neurotropic viruses are of importance in relation to convulsions and epilepsy and must all be investigated. Subsequent studies should consider children with convulsions in general so that co-infection with other agents can also be accounted for.
